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Abstract. The strategies recently developed to study Higgs boson properties at the LHC are reviewed. 
It is shown how to obtain model-independent determinations of couplings to fermions and gauge bosons 
by exploiting different production and decay channels. We consider the case of Weak Boson Fusion Higgs 
production with H —* bb 

PACS. 14.80.Bn Standard-Model Higgs boson - 13.85.Hd Inelastic Scattering: many particle final state 



1 Introduction 

The LHC will allow the discovery of the Higgs boson and 
the study of its mass, width and couplings to fermions 
and gauge bosons. While the decay channels H — > 77 and 
H -> ZZW -> 41 will allow a direct mass measurement at 
the 0.1% level over a wide range of masses £Q, the total 
width can only be determined with about 10% accuracy 
by direct measurement of the decay H — > ZZ^*> — > 41 for 
rriH > 200 GeV, (the Higgs width for lower Higgs masses 
being too small with respect to the detector resolution). 
An indirect measurement of the total width can be per- 
formed also in the low mass region by exploiting the avail- 
able production and decay mechanisms at the LHC. Sev- 
eral studies have been performed to improve on the strat- 
egy originally proposed in ref. |2] for the determination 
of the Higgs boson properties. We will briefly review the 
progress recently made in this field. The main focus will 
be on the mass window 115-200 GeV, the one preferred 
by electroweak precision data and by supersymmetry. 



scale dependence with the error from parton distribution 
functions) can be estimated to be ±20% for gluon fusion, 
±5% for WBF, ±10% for associated production. 

Concerning the backgrounds, several processes with 
low final state parton multiplicity (corresponding to im- 
portant irreducible backgrounds) are available at NLO, 
namely qq — > 77 6 , gg — > 77 [7j, pp(p) — ► Wbb, pp{p) — > 

zbi m, pp{p) -> wjj, pp(p) -* zjj 0, ppip) - w nm 

and QCD H +jj production via gluon fusion Some of 
these calculations are already implemented in NLO Monte 
Carlo programs. In the case of multiparton final states, 
the methods developed for NLO calculations cannot be 
applied, because of the complexity of the calculations for 
processes with many external legs. Recently some effort 
has been devoted to the realization of LO Monte Carlo 
event generators based on exact matrix element calcula- 
tions, interfaced to the shower evolution Monte Carlo pro- 
grams producing the real final state hadrons 

fig. 



2 Theoretical calculations 

In order to disentangle a signal from backgrounds, a good 
understanding of uncertainties in theoretical predictions 
is necessary. The QCD corrections, at least at next-to- 
leading order (NLO), are known for all production chan- 
nels, the most recent calculations being the NNLO calcu- 
lation 1 for the gluon fusion process in the limit of heavy 
top-quark mass 00] and the NLO corrections for the pro- 
cess pp/pp — > tiH + X 5 . At present, the uncertainties 
arising from QCD uncertainties (combining the residual 

a I acknowledge the financial support of the European Union 
under the contract HPRN-CT-2000-00149 

1 The K factor for the NLO contribution is 2 making desir- 
able the knowledge of NNLO contribution 



3 Higgs couplings to fermions and gauge 
bosons 

In principle, the Higgs coupling to a given fermion family 
/, could be obtained from the following relation: 

R(H - //) = J Ldt ■ a(pp -> H) ■ ^, 

where R(H — ► //) is the Higgs production rate in a given 
final state, / Ldt is the integrated luminosity, cr(pp — > H) 
is the Higgs production cross section, while r and are 
the total and partial Higgs widths respectively. Aiming 
at model-independent coupling determinations, one needs 
to consider ratios of couplings, which are experimentally 
accessible through the measurements of ratios of rates for 
different final states, because the total Higgs cross-section 
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and width cancel in the ratios (as well as the luminosity 
and all the QCD uncertainties related to the initial state) . 
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Fig. 1. Relative accuracy (%) on the individual rates ex- 
pected at the LHC (from ref. \26\ ). See the text for a detailed 
description of the panels. 

Up to now detailed studies on signal and backgrounds 
for several channels have been performed, namely gg — > 
if, (if -» ry,ZZ,WW) [THTTIPHT51, qq - qqH,(H - 

77, 

tt, WW) |2ni5TI22l23l23) .pp -> ttif, (if -> 66, Wlf, rr) ! 
l2"oTl27U28| and -> Wif, if -> 66 2&. Each process de- 
pends on two 2 Higgs couplings, one from the Higgs boson 
production and one from the Higgs boson decay. 

Therefore, every production and decay channel pro- 
vides a measurement of the ratio zjj^ = JiJ^/P, where 
i = g,W,t indicates the particles involved in the produc- 
tion process while the index j = 6, t, W, Z, g, 7 refers to 
the decay process. In case of m# < 140 GeV, the above 
mentioned channels allow to express the individual rates 
r t , r T , Pw, r g and _T 7 as functions of the observables 

Zf> and of the total Higgs width r [2S1 • With the as- 
sumption that the total width is saturated by the known 
channels r = T b + T T + r w + F z + F g + T 7 (otherwise 
new processes would be observed independently of any 
precision study), an expression for _T can be obtained in 

terms of the measured quantities Zj J2HJ ■ Figure H EE] 
summarizes the relative accuracy on the individual rates 
7i expected in the model-independent scenario as well as 
in a scenario with fl,/fV fixed to its SM value, assum- 
ing a total integrated luminosity of 200 fb _1 . The upper 
plots show the accuracies obtained without including any 
theoretical error, while the lower plots show the same ac- 
curacies including a systematic theoretical error of 20% 
for the gg — » if channel, of 5% for the qq — ► qqH, and 

2 This is not true in the case of the weak boson fusion channel 
where one needs to assume that the ratio of HWW and HZZ 
is the same as in the SM 



of 10% for the pp — > tiH . As can be seen, the total Higgs 
width can be indirectly determined in the low mass re- 
gion with a precision of the order of 30% in a model- 
independent way while the Higgs couplings can be deter- 
mined with accuracies between 7% and 25%. In the case 
of 140 < tub < 200 GeV, the gluon fusion, weak boson 
fusion and ttH associated production processes, with the 
Higgs boson decaying only to gauge bosons, allow an in- 
direct determination of -Tiy and r with a precision of the 
order of 10% |2"ll30| . In this Higgs mass range, however, 
there is no handle to study the Higgs Yukawa coulings to 
6 quarks and r leptons. The assumption Fz/Tw = z$m 
can be tested at the 20-30% level, for ma > 130 GeV, 
by measuring the ratio Z^ /Z$ 1201, and it can even be 
tested with the same level of accuracy for lower Higgs bo- 
son masses by comparing the two ratios Z^ WH ^ /Z^ and 

Zi w) /Zi t] For mu > 140 GeV, with luminosities of 
the order of 300 fb _1 , the ratio r t /r g can be tested in a 

model-independent measuring Z$ jZ^ |2T| . 



4 H — ► bb via Weak Boson Fusion 

To improve the analysis of the if 66 Yukawa coupling, one 
can consider the decay of an Higgs, produced via Weak 
Boson Fusion, into 66 pairs |31j. 

Signal and background event estimates are based on a 
leading order partonic calculation of the matrix elements 
(ME) obtained with the event generator ALPGEN [H]. 
JThe background sources considered include: 

1. QCD production of bbjj final states, where j indicates 
a jet originating from a light quark (u,d,s,c) or a 
gluon; 

2. QCD production of jjjj final states^ 

3. associated production of Z* /j* — ► 66 and light jets 

along with multiple interaction events (pp ® pp, pp® pp® 
pp.-.) giving rise to final states of the kind bbjj and jjjj. 
In order to satisfy the requirements of optimization of the 
signal significance (S/y/B) and compatibility with trigger 
and data acquisition constraints, different selection crite- 
ria have been considered. The sensitivity can be as large 
as 5 for Higgs masses close to the exclusion limit given 
by LEP searches but the ratio S/B is only a fraction of 
a percent. This implies that the background will have to 
be known with accuracies at the permille level. The back- 
ground should therefore be determined entirely from data. 
The large rate of bbjj from single and multiple interactions 
and the smoothness of their mass distribution will allow to 
estimate their size with enough statistical accuracy, with- 
out significant systematic uncertainties. 

The situation is different in the case of the backgrounds 
from the tails of the Z decays. The Z mass peak is suffi- 
ciently close to ma to possibly distort the m&f, spectrum 
and spoil the ability to accurately reconstruct the noise 
level from data. These backgrounds rates are at most com- 
parable to the signal at low m#. A 10% determination of 
these final states, which should be easily achievable using 
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the (Z — > i + £~)jj control sample and folding in the detec- 
tor energy resolution for jets, should therefore be sufficient 
to fix these background with the required accuracy. 

Concerning the multiple interactions, in the simplest 
case of two overlapping events (pp®pp) , there are four pos- 
sible (including mistagging effects) combinations of events 
leading to a bbjj background. The largest contribution 
arises from (Jjb) © (jjb) events, where the bb mass spec- 
trum has a broad peak in the middle of the signal region. 
The absolute rate of these events can be determined if 
the distribution of the beam-line z vertex separation be- 
tween the two overlapping events can be determined with 
a resolution of of 5-10 mm. The nunber of these events is 
significantly lowered using the higher threshold of 80 GeV 
for the forward jets. 

Tablc^Jsummarizes the accuracy reachable in the B(H - 
bb) and in the Hbb Yukawa coupling for the case of two 
different event selections (described in detail in ref. |81|). 
assuming that the coupling HWW is the one predicted by 
the Standard Model or determined in other reactions stud- 
ied in the literature. An integrated luminosity of 600 fb _1 
is considered. The H — + bb decay in the WBF channel 





m H (GeV) 


115 


120 


140 


(a) 


sr b /r 


0.33 


0.35 


0.71 




SyHbb/yHbb 


0.58 


0.51 


0.56 


(b) 


sr b /r 


0.20 


0.19 


0.37 




SyHbb/yHbb 


0.36 


0.30 


0.29 



Table 1. The statistical significance of the determination of 
the branching ratio Fb/T and of the fo-quark Yukawa coupling 
in the configurations (a) and (b) (see ref. 13 1 1 for a descrip- 
tion of the event selections), for an integrated luminosity of 
600 fb" 1 . The p J T cut on jets is p 3 T > 60 GeV. The case of 
p;^ > 80 GeV |31| doesn't affect sizeably the results. The prob- 
ability to mistag a light-jet as b-jet is assumed to be 0.01. 



could be used together with other processes already ex- 
amined in the literature for a model independent determi- 
nation of the ratio of Yukawa couplings yHbh/UHrr 

As a conclusion of the analysis presented in ref. |31j . 
the H — > bb channel produced in association with two jets 
is suggested as an additional channel to be exploited for 
the measurements of the Higgs couplings to fermions. 

5 Summary 

During the last few years there has been a dramatic im- 
provement in both theoretical and experimental studies 
of several Higgs boson production and decay channels at 
the LHC. A strategy has been designed to study, in a 
model-independent way, the Higgs couplings to fermions 
and bosons, which allows also, with little theoretical as- 
sumption, an indirect determination of the total Higgs 
width. The main results of a very recent analysis of the 
H — > bb channel in Weak Boson Fusion production have 
been reviewed, pointing out its importance for the deter- 
mination of the Hbb Yukawa coupling. 
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